WIND POWERED TURBINE IN A TUNNEL 
TECHNICAL FIELD 

[0001] The present invention generally relates to wind powered turbines. In one aspect it 
relates more particularly to a wind powered turbine in a tunnel for use in electrical power 
generation. 

BACKGROUND 

[0002] Many have sought ways to capture and harness the kinetic energy contained within 
the wind for generating power, such as generating electricity. Since about 1700 B.C., the 
windmill has been used for generating power, such as providing rotational energy to drive a 
machine or to pump/move water. More recently, numerous inventions and designs were 
developed, tested, and some actually used for generating electricity from the wind's kinetic 
energy. 

[0003] The kinetic energy contained in a unit cross-section area of wind flow is somewhat 
limited, e.g., as compared to water flow. To conmiercially adopt a wind powered electricity 
generator typically requires a very large scale device. Up to now, the only wind powered turbine 
that has been relatively successful for conmiercially generating electricity is the wind impeller. 
A typical wind impeller 20 is shown in FIG. 1, for example. A book entitled Wind Power for 
Home & Business— Renewable Energy for 1990 and Beyond by Paul Gipe provides a detailed 
description about using wind impellers as wind powered generators, for example. Most or all 
other wind powered generator designs failed to be used conmiercially due to overly complicated 
or complex structures. Due to the complicated structures of other prior designs, such wind 
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powered generators are typically difficult to build in large scale and/or too expensive to build in 
large scale. 

[0004] Most or all wind powered generators may be grouped into one of two categories in 
terms of the aerodynamic mechanism used to capture the wind's energy and drive the wind 
powered generator. The first category includes the wind impeller type of wind powered 
generator (see e.g., impeller 20 in FIG. 1). Wind impellers typically have a blades that rotate 
about an axis generally aligned with the wind flow direction. Such rotation axis is usually 
horizontal. The blades are typically arranged in a vertical plane that is generally perpendicular to 
the wind flow direction, and each blade is tilted to some degree towards the wind. When the 
wind flows against and across the blades, the wind pushes the blades with a force component 
similar to the lift force component on a helicopter blade, similar to a lift force component on an 
airplane wing, and/or similar to a propulsion force component on an airplane propeller, but in an 
opposite force direction. Besides the wind speed, the magnitude of the "lift" force exerted on 
each blade depends on the angle of the blade relative to the wind, the aerodynamic shape (cross- 
section shape) of the blade, and the size of the blade. There are many shortcomings to an 
impeller type design for a wind powered generator, including low efficiency, high noise, danger 
of exposed spinning blades (e.g., hazardous to birds), space requirements, and difficulty in 
selecting a suitable blade material for a given climate, for example. 

[0005] The second category of wind powered generators includes the wind turbine type with 
the rotational axis being generally perpendicular to the wind flow direction. Such wind turbines 
typically have flat blades, angled blades, or curved blades. The rotational axis may be horizontal 
(see e.g., U.S. Patents 1,300,499, 1,935,097, 4,017,204, 4,127,356, 4,191,505, 4,357,130, and 
5,009,569; and other country/region patents FR 2,446,391, PR 2,472093, DE 2,732,192, GB 
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2,185,786, and USSR 1,268,792) or vertical (see e.g., U.S. patents 2,335,817, 4,074,951, 
4,076,448, 4,278,896, 4,350,900, 4,764,683, 5,038,049, 5,083,899, 5,332,354, 6,158,953, 
6,191,496, 6,270,308, 6,309,172, and 6,538,340; and other country/region patents DE 2,505,954 
and JP 125 1), for example. 

[0006] Wind powered generators of the second category may be divided into several groups 
based on the driving force of the turbine. In a first group, the drag force between the wind and 
the turbine blades exerts a driving force on the turbine for causing rotation. Such drag force 
depends on the velocity difference between the air passing over a blade and the turbine blade 
itself, as described by the following equation: 

y = TiPair(Au)^/2, 

where y is the driving force of the wind turbine, r| is the friction coefficient between the turbine 
blades and the air, pair is the air density, Au is the velocity difference between the air and the 
wind turbine blade. Because the friction coefficient is often a very small number, such wind 
turbines are not as efficient as wind turbines that uses the air lift force as the driving force (e.g., 
wind impeller shown in FIG. 1). 

[0007] Such wind turbines using drag force typically have blades that are mostly or entirely 
exposed or blades installed in or partially covered by a wind conduit or wind tunnel structure 
with large gaps between the turbine blade ends and the interior walls of the air conduit (see e.g., 
U.S. Patents 1,300,499, 2,335,817, 4,074,951, 4,191,505, 4,278,896, 4,357,130, 4,764,683, 
6,191,496, 6,309,172, and 6,538,340; and other country/region patents DE 2,732,192, GB 
2,185,786, and USSR 1,268,792). 
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[0008] A second group of the second category strives to use the maximum amount of the 
wind's kinetic energy. The primary driving force in the second group can be expressed as: 

Y = Ap, 

where Ap is the pressure difference between the front and the back of the wind turbine blade. In 
the second group, the wind turbine blades are installed in a conduit or shaped tunnel. Along the 
wind flow path through the turbine, the gap between the turbine blade ends and the wind conduit 
inside wall is minimized, so that the wind flow through such gap is negligible. The wind has to 
push the turbine blades to rotate the rotor before it flows out of the wind conduit. Examples of 
such wind powered generators are shown and described in numerous patents (see e.g., U.S. 
Patents 1,935,097, 4,350,900, 5,009,569, 5,083,899, and 5,332,354; and other country/region 
patents FR 2,446,39 1 and FR 2,472093). 

[0009] Theoretically, the driving force in this second group of turbines may be much greater 
than the lift force in the first category of turbines. When the turbine rotor is at rest, the driving 
force reaches the maximum (at certain blade positions), i.e., 100% of wind kinetic energy 
flowing through the wind conduit inlet area. This maximum driving force may be described by 
the following equation: 

Y=pair(Uw)^/2, 

where Uw is the wind speed. 

[0010] To manufacture and/or assemble a wind turbine with a minimized gap between the 
turbine blades and the wind conduit requires high standards of manufacturing quality to control 
the tolerances needed for minimizing the clearance gap. This leads to a third group of the second 
category. To avoid the difficulty and/or expense of minimizing the gap, many prior wind turbine 
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designs of the third group are between or a combination of the first and second groups of the 
second category (see e.g., U.S. Patents 4,017,204, 4,076,448, 4,127,356, 5,038,049, 6,158,953, 
and 6,270,308; and other country/region patents DE 2,505.954 and JP 1251). In the third group, 
many of the wind turbines also adopt some kind of wind funnel structure with varying (e.g, 
tapering) gaps. In such funnel structures, the gap between the interior walls of the funnel 
structure and the turbine blade ends is typically minimized at only one point or along a very short 
length of the wind flow path. Thus, the driving force on the turbine blades by the wind is a 
combination of drag force and pressure differential. 

[0011] The blades of an impeller type of wind turbine (first category) completely face the 
wind to catch as much wind as possible. For the second category of the wind turbines, however, 
usually only half of the turbine blades are facing the wind. The blades on another half of such 
turbine normally rotate against the wind. Thus, the blades moving against the wind are often 
blocked from the wind (see e.g.,U.S. Patents 1,300,499, 1,935,097, 2,335,817, 4,017,204, 
4,074,951, 4,127,356, 4,278,896, 4,357,130, 4,764,683, 5,009,569, and 6,270,308; and other 
country/region patents FR 2,446,391, FR 2,472093, DE 2,732,192, GB 2,185,786, and USSR 
1,268,792). To improve the efficiency of the second category of wind turbines, many designs 
have been developed to change the wind flow direction so that more than half of the turbine 
blades can be pushed by the wind at a given rotational position of the rotor (see e.g., U.S. Patents 
4,076,448, 4,191,505, 4,350,900, 5,332,354, 6,158,953, and 6,309,172; and other country/region 
patents DE 2,505,954 and JP 1251). Very often, such designs involve very complicated 
structures. Hence, the cost of producing such designs is often too large, as compared to the 
electricity generated by such wind powered generators, and/or such designs are not feasible for a 
large scale machine. 
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[0012] Because the kinetic energy in unit cross-section area of a wind stream is very limited, 
many designs attempt to concentrate the wind energy by using a conduit with venturi shape (see 
e.g., U.S. Patents 1,935,097, 4,017,204, 4,076,448, 4,127,356, 4,508,973, 4,963,761, 5,009,569, 
and 6,246,126; and other country/region patents FR 2,472,093, GB 2,185,786, and USSR- 
1,268,792). The inlet cross section area (perpendicular to the wind flow direction) of the wind 
conduit in such designs is usually much greater than the cross section area of the wind turbine at 
the rotor. 
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SUMMARY OF THE INVENTION 

[0013] The problems and needs outlined above may be addressed by embodiments of the 
present invention. In accordance with one aspect of the present invention, a wind turbine 
apparatus is provided, which includes a conduit, a rotor, and a splitter. The conduit extends 
along a generally horizontal longitudinal axis of the apparatus. The conduit includes an inlet 
portion, an outlet portion, and a middle portion. The inlet portion is located at a first end of the 
longitudinal axis. The inlet portion has a main inlet opening. The outlet portion is located at a 
second end of the longitudinal axis. The outlet portion has a main outlet opening. The middle 
portion is located between the inlet and outlet portions. The inlet portion being fluidly connected 
to the outlet portion via the middle portion. The rotor is located in the middle portion of the 
conduit. The rotor includes a shaft and blades. The shaft extends along a rotational axis through 
the middle conduit portion. The rotor is adapted to rotate about the rotational axis. The 
longitudinal axis intersects the rotational axis. A rotor angle formed between the longitudinal 
axis and the rotational axis is between about 45 degrees and about 135 degrees. A longitudinal 
angle formed between the longitudinal axis and an overall wind flow direction for wind flowing 
through the conduit when the apparatus is being powered by a wind flow is less than about 45 
degrees. The blades extend from the shaft. The blades are located completely within the middle 
portion of the conduit. The splitter is located in the inlet portion of the conduit, so that the inlet 
portion of the conduit comprises an upper sub-tunnel and a lower sub-tunnel divided by the 
splitter. The splitter is generally wedge-shaped with a smaller leading end thereof located closer 
to the main inlet opening than a larger trailing end thereof. An upper inlet cross-section area for 
an upper inlet of the upper sub-tunnel is larger than an upper outlet cross-section area for an 
upper outlet of the upper sub-tunnel. The upper inlet of the upper sub-tunnel is located closer to 
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the main inlet opening of the inlet portion than the upper outlet of the upper sub-tunnel. A lower 
inlet cross-section area for a lower inlet of the lower sub-tunnel is larger than a lower outlet 
cross-section area for a lower outlet of the lower sub-tunnel. The lower inlet of the lower sub- 
tunnel is located closer to the main inlet opening of the inlet portion than the lower outlet of the 
lower sub-tunnel. The upper and lower outlets of the upper and lower sub-tunnels both feed into 
a middle portion inlet of the middle portion of the conduit. The middle portion inlet is closer to 
the main inlet opening than a middle portion outlet of the middle portion along the longitudinal 
axis. The middle portion outlet is closer to the main outlet opening than the middle portion inlet 
along the longitudinal axis. An upper interior wall of the middle conduit portion has a 
substantially circular plane shape that is substantially centered at the rotational axis. An upper 
clearance gap is located between the blades and the upper interior wall of the middle conduit 
portion when the blades pass thereby. A lower interior wall of the middle conduit portion has a 
substantially circular plane shape that is substantially centered at the rotational axis. The lower 
interior wall of the middle conduit portion is opposite and facing the upper interior wall of the 
middle conduit portion. A lower clearance gap is located between the blades and the lower 
interior wall of the middle conduit portion when the blades pass thereby. Side clearance gaps are 
located between sides of the blades and the middle conduit portion. An outlet centroid of a main 
outlet cross-section area for the main outlet opening is located higher than an inlet centroid of a 
main inlet cross-section area for the main inlet opening relative to the rotational axis and relative 
to the longitudinal axis. 

[0014] In accordance with another aspect of the present invention, a wind turbine apparatus 
is provided, which includes a conduit, a rotor, and a splitter. The conduit extends along a 
longitudinal axis of the apparatus. The conduit includes an inlet portion, an outlet portion, and a 
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middle portion. The inlet portion is located at a first end of the longitudinal axis. The inlet 
portion has a main inlet opening. The outlet portion is located at a second end of the longitudinal 
axis. The outlet portion has a main outlet opening. The middle portion is located between the 
inlet and outlet portions, the inlet portion being fluidly connected to the outlet portion via the 
middle portion. The rotor is located in the middle portion of the conduit. The rotor includes a 
shaft and blades (2 or more). The shaft extends along a rotational axis at the middle conduit 
portion. The rotor is adapted to rotate about the rotational axis. The longitudinal axis intersects 
the rotational axis. A rotor angle formed between the longitudinal axis and the rotational axis is 
between about 45 degrees and about 135 degrees. A longitudinal angle formed between the 
longitudinal axis and an overall wind flow direction for wind flowing through the conduit when 
the apparatus is being powered by a wind flow is less than about 45 degrees. The blades extend 
from the shaft. The blades are located completely within the middle portion of the conduit. The 
splitter is located in the inlet portion of the conduit, so that the inlet portion of the conduit has an 
upper sub-tunnel and a lower sub-tunnel divided by the splitter. The upper and lower sub- 
tunnels both feed into a middle portion inlet of the middle portion of the conduit. The middle 
portion inlet is closer to the main inlet opening than a middle portion outlet of the middle portion 
along the longitudinal axis, and the middle portion outlet is closer to the main outlet opening 
than the middle portion inlet along the longitudinal axis. An upper interior wall of the middle 
conduit portion has a substantially circular plane shape that is substantially centered at the 
rotational axis. An upper clearance gap is located between the blades and the upper interior wall 
of the middle conduit portion when the blades pass thereby. A lower interior wall of the middle 
conduit portion has a substantially circular plane shape that is substantially centered at the 
rotational axis. The lower interior wall of the middle conduit portion is opposite and facing the 
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upper interior wail of tiie middle conduit portion. A lower clearance gap is located between the 
blades and the lower interior wall of the middle conduit portion when the blades pass thereby. 
Side clearance gaps are located between sides of the blades and the middle conduit portion. 

[0015] In accordance with yet another aspect of the present invention, a wind turbine 
apparatus is provided, which includes a conduit, a rotor, and a splitter. The conduit extends 
along a generally horizontal longitudinal axis of the apparatus. The conduit includes an inlet 
portion, an outlet portion, and a middle portion. The inlet portion is located at a first end of the 
longitudinal axis. The inlet portion has a main inlet opening. The outlet portion is located at a 
second end of the longitudinal axis. The outlet portion has a main outlet opening. The middle 
portion is located between the inlet and outlet portions. The inlet portion being fluidly connected 
to the outlet portion via the middle portion. The rotor is located in the middle portion of the 
conduit. The rotor includes a shaft and blades. The shaft extends along a rotational axis through 
the middle conduit portion. The rotor is adapted to rotate about the rotational axis. The 
longitudinal axis intersects the rotational axis. A rotor angle formed between the longitudinal 
axis and the rotational axis is between about 45 degrees and about 135 degrees. A longitudinal 
angle formed between the longitudinal axis and an overall wind flow direction for wind flowing 
through the conduit when the apparatus is being powered by a wind flow is less than about 45 
degrees. The blades extend from the shaft. The blades are located completely within the middle 
portion of the conduit. The splitter is located in the inlet portion of the conduit, so that the inlet 
portion of the conduit comprises an upper sub-tunnel and a lower sub-tunnel divided by the 
splitter. The splitter is generally wedge-shaped with a smaller leading end thereof located closer 
to the main inlet opening than a larger trailing end thereof. An upper inlet cross-section area for 
an upper inlet of the upper sub-tunnel is larger than an upper outlet cross-section area for an 
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upper outlet of the upper sub-tunnel. The upper inlet of the upper sub-tunnel is located closer to 
the main inlet opening of the inlet portion than the upper outlet of the upper sub-tunnel. A lower 
inlet cross-section area for a lower inlet of the lower sub-tunnel is larger than a lower outlet 
cross-section area for a lower outlet of the lower sub-tunnel. The lower inlet of the lower sub- 
tunnel is located closer to the main inlet opening of the inlet portion than the lower outlet of the 
lower sub-tunnel. The upper and lower outlets of the upper and lower sub-tunnels both feed into 
a middle portion inlet of the middle portion of the conduit. The middle portion inlet is closer to 
the main inlet opening than a middle portion outlet of the middle portion along the longitudinal 
axis. The middle portion outlet is closer to the main outlet opening than the middle portion inlet 
along the longitudinal axis. An upper interior wall of the middle conduit portion has a 
substantially circular plane shape that is substantially centered at the rotational axis. An upper 
clearance gap is located between the blades and the upper interior wall of the middle conduit 
portion when the blades pass thereby. A lower interior wall of the middle conduit portion has a 
substantially circular plane shape that is substantially centered at the rotational axis. The lower 
interior wall of the middle conduit portion is opposite and facing the upper interior wall of the 
middle conduit portion. A lower clearance gap is located between the blades and the lower 
interior wall of the middle conduit portion when the blades pass thereby. Side clearance gaps are 
located between sides of the blades and the middle conduit portion. An outlet centroid of a main 
outlet cross-section area for the main outlet opening is located higher than an inlet centroid of a 
main inlet cross-section area for the main inlet opening relative to the rotational axis and relative 
to the longitudinal axis. A first electric power generator is located outside of a first side of the 
conduit and is rotationally coupled to a first end of the shaft. A first generator rotor of the first 
electric power generator is adapted to rotate about the rotational axis. A second electric power 
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generator is located outside of a second side of the conduit and is rotationally coupled to a 
second end of the shaft. A second generator rotor of the second electric power generator is 
adapted to rotate about the rotational axis. 

[0016] In accordance with yet another aspect of the present invention, a wind turbine 
apparatus is provided, which includes a conduit, a rotor, a first electric power generator, and a 
second electric power generator. The conduit extends along a longitudinal axis of the apparatus. 
The conduit includes an inlet portion, an outlet portion, and a middle portion. The inlet portion 
is at a first end of the longitudinal axis. The inlet portion has a main inlet opening. The outlet 
portion is at a second end of the longitudinal axis. The outlet portion has a main outlet opening. 
The middle portion is located between the inlet and outlet portions. The inlet portion is fluidly 
connected to the outlet portion via the middle portion. The rotor is located in the middle portion 
of the conduit. The rotor includes a shaft extending along a rotational axis at the middle conduit 
portion. The rotor is adapted to rotate about the rotational axis. The longitudinal axis intersects 
the rotational axis. A rotor angle formed between the longitudinal axis and the rotational axis is 
between about 45 degrees and about 135 degrees. A longitudinal angle formed between the 
longitudinal axis and an overall wind flow direction for wind flowing through the conduit when 
the apparatus is being powered by a wind flow is less than about 45 degrees. Blades extend from 
the shaft. The blades are located completely within the middle portion of the conduit. An upper 
interior wall of the middle conduit portion has a substantially circular plane shape that is 
substantially centered at the rotational axis. An upper clearance gap is located between the 
blades and the upper interior wall of the middle conduit portion when the blades pass thereby. A 
lower interior wall of the middle conduit portion has a substantially circular plane shape that is 
substantially centered at the rotational axis. The lower interior wall of the middle conduit 
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portion is opposite of and faces the upper interior wall of the middle conduit portion. A lower 
clearance gap is located between the blades and the lower interior wall of the middle conduit 
portion when the blades pass thereby. The first electric power generator is located outside of a 
first side of the conduit and is rotationally coupled to a first end of the shaft. A first generator 
rotor of the first electric power generator is adapted to rotate about the rotational axis. The 
second electric power generator is located outside of a second side of the conduit and is 
rotationally coupled to a second end of the shaft. A second generator rotor of the second electric 
power generator is adapted to rotate about the rotational axis, 

[0017] In accordance with still another aspect of the present invention, a wind turbine 
apparatus is provided, which includes a conduit and a rotor. The conduit extends along a 
longitudinal axis of the apparatus. The conduit includes an inlet portion, an outlet portion, and a 
middle portion. The inlet portion is at a first end of the longitudinal axis. The inlet portion has a 
main inlet opening. The outlet portion is at a second end of the longitudinal axis. The outlet 
portion has a main outlet opening. The middle portion is located between the inlet and outlet 
portions. The inlet portion is fluidly connected to the outlet portion via the middle portion. The 
rotor is located in the middle portion of the conduit. The rotor includes a shaft extending along a 
rotational axis at the middle conduit portion. The rotor is adapted to rotate about the rotational 
axis. The longitudinal axis intersects the rotational axis. A rotor angle formed between the 
longitudinal axis and the rotational axis is between about 45 degrees and about 135 degrees. A 
longitudinal angle formed between the longitudinal axis and an overall wind flow direction for 
wind flowing through the conduit when the apparatus is being powered by a wind flow is less 
than about 45 degrees. Blades extend from the shaft. The blades are located completely within 
the middle portion of the conduit. An upper interior wall of the middle conduit portion has a 



FAN-001 



-13- 



substantially circular plane shape that is substantially centered at the rotational axis. An upper 
clearance gap is located between the blades and the upper interior wall of the middle conduit 
portion when the blades pass thereby. The upper clearance gap is less than about 10 mm. A 
lower interior wall of the middle conduit portion has a substantially circular plane shape that is 
substantially centered at the rotational axis. The lower interior wall of the middle conduit 
portion is opposite of and faces the upper interior wall of the middle conduit portion. A lower 
clearance gap is located between the blades and the lower interior wall of the middle conduit 
portion when the blades pass thereby. The lower clearance gap is less than about 10 mm. Side 
clearance gaps of less than about 10 mm are located between sides of the blades and the middle 
conduit portion. In other embodiments (e.g., having a rotor diameter larger than 10 meters), 
these clearance gaps may be larger than 10 mm. But preferably, the upper clearance gap, the 
lower clearance gap, and the side clearance gaps are minimized and made as small as possible so 
that only negligible amounts of wind pass through such clearance gaps relative to the amount of 
wind passing through the turbine. 

[0018] The foregoing has outlined rather broadly features of the present invention in order 
that the detailed description of the invention that follows may be better understood. Additional 
features and advantages of the invention will be described hereinafter which form the subject of 
the claims of the invention. It should be appreciated by those skilled in the art that the 
conception and specific embodiment disclosed may be readily utilized as a basis for modifying 
or designing other structures or processes for carrying out the same purposes of the present 
invention. It should also be realized by those skilled in the art that such equivalent constructions 
do not depart from the spirit and scope of the invention as set forth in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The following is a brief description of the drawings, which illustrate exemplary 
embodiments of the present invention and in which: 

[0020] FIG. 1 shows a typical wind impeller of the prior art; 

[0021] FIG. 2 is a perspective view showing a first embodiment of the present invention; 

[0022] FIG. 3 is side view showing the first embodiment of the present invention; 

[0023] FIG. 4 is a front view showing the first embodiment of the present invention; 

[0024] FIG. 5 A is a top view showing the first embodiment of the present invention 
illustrating the side clearance gaps; 

[0025] FIG. 5B is a top view showing the first embodiment of the present invention; 
[0026] FIG. 6 is side view showing a second embodiment of the present invention; and 
[0027] FIGs. 7 and 8 are side views showing a third embodiment of the present invention. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0028] Referring now to the drawings, wherein like reference numbers are used herein to 
designate like or similar elements throughout the various views, illustrative embodiments of the 
present invention are shown and described. The figures are not necessarily drawn to scale, and 
in some instances the drawings have been exaggerated and/or simplified in places for illustrative 
purposes only. One of ordinary skill in the art will appreciate the many possible applications and 
variations of the present invention based on the following illustrative embodiments of the present 
invention. 

[0029] Generally, an embodiment of the present invention provides a wind powered turbine. 
The illustrative wind powered turbines shown herein are adapted for use in generating electricity, 
for example, by having generators coupled thereto. However, an embodiment of the present 
invention may have other uses, as will be apparent to one of ordinary skill in the art having the 
benefit of this disclosure. FIGs. 2-5B show various views of a wind powered turbine 30 in 
accordance with a first embodiment of the present invention, FIG. 2 is a perspective view of the 
turbine 30. FIG. 3 is a side view of the turbine 30. FIG. 4 is a front view of the turbine 30. And, 
FIGs. 5A and 5B are top views of the turbine 30. 

[0030] The turbine 30 has a conduit 34 that extends along a generally horizontal 
longitudinal axis 38 of the turbine 30. This arbitrarily assigned longitudinal axis 38 is shown in 
FIG. 3, and it is provided as a reference point for describing various aspects of the first 
embodiment. In this example, the longitudinal axis 38 is oriented horizontally and generally 
along the direction of the wind flow through the conduit 34 when the turbine is being powered 
by the wind flow. From the perspective of a top view, as shown in FIG. 5B, a longitudinal angle 
formed between the longitudinal axis 38 and the overall wind flow direction (see e.g., wind flow 
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arrows 40 in FIG. 5B) for wind flowing through the conduit 34 when the turbine 30 is being 
powered by the wind flow 40 is preferably less than about 45 degrees. In the example shown in 
FIG. 5B, the longitudinal angle is about zero degrees, for example. In FIGs. 2 and 3, a side panel 
of the conduit 34 is removed for purposes of illustration. Preferably, the sides 41, 42 of the 
conduit 34 both have a flat planar shape (see e.g., FIGs. 4 and 5B), as discussed further below. 
An example wind flow 40 is also shown in FIGs. 2 and 3 for purposes of illustrating fluid 
dynamics through the turbine 30 in a simplified manner. As will be apparent to one of ordinary 
skill in the art, other wind flow patterns also will be experienced in an actual application. 

[0031] The conduit 34 has an inlet portion 44, a middle portion 46, and an outlet portion 48. 
The inlet conduit portion 44 is located at a first end 51 of the longitudinal axis 38 and has a main 
inlet opening 54 at the front of the wind turbine 30 (i.e., first end 51 of longitudinal axis 38 is at 
front of turbine 30). Conversely, the outlet conduit portion 48 is located at a second end 52 of 
the longitudinal axis 38 and has a main outlet opening 56 at the back of the turbine 30. The inlet 
portion 44 is fluidly connected to the outlet portion 48 via the middle portion 46. Hence, wind 
passing through the conduit 34 of the turbine 30 enters the main inlet opening 54, flows through 
the inlet portion 44 to the middle portion 46, flows through the middle portion 46 to the outlet 
portion 48, flows through the outlet portion48, and exits the conduit 34 through the main outlet 
opening 56. In other embodiments, however, there may be other secondary or auxiliary inlets 
and/or outlet openings for the turbine 30 (not shown). 

[0032] Referring to FIGs. 2 and 3, a splitter 60 is located in the inlet portion 44 of the 
conduit 34. Preferably, the splitter 60 extends from one side 41 to the other side 42 (laterally) 
within the inlet portion 44. The inlet portion 44 thus has an upper sub-tunnel 61 and a lower sub- 
tunnel 62 divided by the splitter 60. Preferably, the splitter 60 is generally wedge-shaped with a 
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smaller leading end 64 thereof located closer to the main inlet opening 54 than a larger trailing 
end 66 thereof. The upper sub-tunnel 61 has an upper inlet 71 with an upper inlet cross-section 
area (i.e., perpendicular to the longitudinal axis 38) located closer to the main inlet opening 54 
than an upper outlet 73 (having an upper outlet cross-section area) of the upper sub-tunnel 61. 
Likewise, the lower sub-tunnel 62 has a lower inlet 72 with a lower inlet cross-section area (i.e., 
perpendicular to the longitudinal axis 38) located closer to the main inlet opening 54 than a lower 
outlet 74 (having a lower outlet cross-section area) of the lower sub-tunnel 62. Preferably, the 
upper inlet cross-section area is larger than the upper outlet cross-section area, and the lower 
inlet cross-section area is larger than the lower outlet cross-section area, as shown in FIGs. 2 
and 3 for example. In other embodiments, however, the splitter 60 may have another shape and 
size, and the size of the sub-tunnel inlets 71, 72 relative the sub-tunnel outlets 73, 74 may be 
varied. In the first embodiment, the upper and lower sub-tunnel inlets 71, 72 are not at the same 
location along the longitudinal axis 38 as the main inlet opening 54. But in other embodiments 
(not shown), the leading end 64 of the splitter 60 may extend to main inlet opening 54 or outside 
of the inlet portion 44. Similarly, the trailing end 66 of the splitter 60 may not extend to the 
middle conduit portion 46 in other embodiments (not shown). In any case, the upper and lower 
sub-tunnels 61, 62 both feed into a middle portion inlet 76 of the middle conduit portion 46. The 
middle portion inlet 76 is closer to the main inlet opening 54 than is a middle portion outlet 78 of 
the middle conduit portion 46 along the longitudinal axis 38. Likewise, the middle portion 
outlet 78 is closer to the main outlet opening 56 than is the middle portion inlet 76 along the 
longitudinal axis 38. 

[0033] A rotor 80 is located in the middle portion 46 of the conduit 34. A shaft 82 of the 
rotor 80 extends along a rotational axis 84 through the middle conduit portion 46. The rotor 80 
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is adapted to rotate about the rotational axis 84 during operation of the turbine 30. Hence, the 
shaft 82 is preferably supported by some type of bearings (e.g., roller, hydraulic) (not shown), 
and preferably at two ends of the shaft 82. The longitudinal axis 38 intersects with the rotational 
axis 84 (see FIGs. 3 and 5B). From the perspective of a top view, as shown in FIG. 5B, a rotor 
angle 86 formed between the longitudinal axis 38 and the rotational axis 84 is preferably 
between about 45 degrees and about 135 degrees. In the example shown in FIG. 5B, the rotor 
angle 86 is about 90 degrees, for example. 

[0034] Blades 88 extend from the shaft 82. The blades 88 are located completely within the 
middle portion 46 of the conduit 34. There may be any number of blades 88 (e.g., 2, 3, 4, 5, 6, 7, 
8, etc.). Currently, the preferred number of blades 88 is three, as shown in the first embodiment 
(see e.g., FIGs. 2 and 3). The rational for preferring three blades 88 and for using other possible 
blade configurations is discussed further below. The shape of the blades 88 may vary for 
different embodiments. For example, the blades 88 may be flat plate-shaped, multi-chord flat 
plates, curved, or combinations thereof. The shape of the blades 88 chosen may be dictated by 
the size of the blades 88 and the materials used to make the blades 88. The blades 88 may be 
made from any of a variety of suitable materials, including (but not limited to): metal, 
aluminum, titanium, steel, carbon-fiber composite, fiber-glass composite, nylon composite, 
wood, plastic, compounds thereof, alloys thereof, composites thereof, or combinations thereof, 
for example. 

[0035] In a preferred embodiment, the upper inlet cross-section area of the upper 
sub-tunnel 61 is much smaller than the lower inlet cross-section area of the lower sub-tunnel 62 
so that a majority of the wind flow 40 passes through the lower sub-tunnel 62. Based on 
experimental results, the optimum range has been found to be where the upper inlet cross-section 
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area is between about 19% and about 35% of the lower inlet cross-section area. In a more 
preferred embodiment, the upper inlet cross-section area is between about 22% and about 29% of 
the lower inlet cross-section area. In other embodiments, the range may be greater and the 
practical or optimum range limits may depend upon the rotor diameter used. If the rotor 
diameter is larger, the optimum range may be lower (e.g., from about 13% to about 18%), for 
example. This optimum range may vary depending on the rotor inertia and the expected wind 
velocities for a given turbine's usage location. For a smaller rotor diameter, the lower optimum 
range limit may be about 20%, as another example. Another factor that affects this optimum 
range is the cross-sectional area size of the main inlet opening 54. 

[0036] In the inlet conduit portion 44, it is preferred to have a smaller lower outlet cross- 
section area than the lower inlet cross-section area for the lower sub-tunnel 62 (see e.g., FIG. 3). 
This allows the air moving toward the blades 88 in the lower sub-tunnel 62 to be compressed as 
it enters the middle conduit portion 46, which increases the pressure at the blade 88. By energy 
conservation, the lost velocity of the wind flow 40 when it hits the blades 88 in the middle 
conduit portion 46 is converted to pressure against the blades 88. By maximizing the pressure at 
the blade 88 and minimizing the outlet pressure (at the outlet conduit portion 48), the pressure 
differential across the blade 88 may be maximized, which yields more power and greater turbine 
efficiency. 

[0037] Referring to FIGs. 2 and 3, an upper interior wall 91 and a lower interior wall 92 of 
the middle conduit portion 46 each has a substantially circular plane shape. Preferably, this 
circular plane shape for the upper and lower interior walls 91, 92 of the middle conduit 
portion 46 is substantially centered at the rotational axis 84 so that a clearance gap 93, 94 
between the upper and lower interior walls 91, 92 and the blades 88 passing thereby may be 
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minimized. Hence, an upper clearance gap 93 is located between the blades 88 and the upper 
interior wall 91 of the middle conduit portion 46 when the blades 88 pass thereby. Likewise, a 
lower clearance gap 94 is located between the blades 88 and the lower interior wall 92 of the 
middle conduit portion 46 when the blades 88 pass thereby. It is preferred to minimize the upper 
and lower clearance gaps 93, 94 to maximize the pressure exerted on the blades 88 as the wind 
flows into the middle conduit portion 46 because a turbine 30 for an embodiment of the present 
invention is preferably powered primarily by the conversion of wind velocity to pressure on the 
blades 88 (e.g., as compared to drag force across the blades). 

[0038] Referring to FIG. 5A, which is a top view of the first embodiment, the rotor 80 is 
shown in phantom lines. As illustrated in FIG. 5 A, there are side clearance gaps 170 located 
between the sides of the blades 88 and the sides 41, 42 of the conduit 34. It is preferred to 
minimize these side clearance gaps 170 to maximize the pressure exerted on the blades 88 as the 
wind flows through the middle conduit portion 46, again, because a turbine 30 for an 
embodiment of the present invention is preferably powered primarily by the conversion of wind 
velocity to pressure on the blades 88. 

[0039] In relatively smaller embodiments (e.g., having a rotor diameter less than about 10 
meters), the upper and lower clearance gaps 93, 94 are less than about 10 mm, and the side 
clearance gaps 170 are less than about 10 mm. In practice, the size of the upper and lower 
clearance gaps 93, 94 and the side clearance gaps 170 will typically be a function of the rotor 
diameter, among other factors. As the rotor diameter increases, the size of the upper and lower 
clearance gaps 93, 94 and/or the side clearance gaps 170 will often need to be increased. The 
practical size limitations on the clearance gaps 93, 94, 170 typically will be dependent upon 
several factors, including (but not necessarily limited to): manufacturing accuracy, flexibility of 



FAN-001 



-21- 



materials used, thermal expansion/contraction of materials used, for example. Conversely, as the 
rotor diameter decreases, the size of the upper and lower clearance gaps 93, 94 and/or the side 
clearance gaps 170 may be decreased. The size of the upper clearance gap 93, the lower 
clearance gap 94, and the side clearance gaps 170 will often be about the same in a preferred 
embodiment. For example, if the rotor 80 has a diameter of less than about 3 meters, the upper 
clearance gap 93, the lower clearance gap 94, and the side clearance gaps 170, each may be less 
than about 5 nmi. As another example, if the rotor 80 has a diameter of less than about 2 meters, 
the upper clearance gap 93, the lower clearance gap 94, and the side clearance gaps 170, each 
may be less than about 3 nmi. Thus in a preferred embodiment, the amount of wind flow 40 that 
can pass through the clearance gaps 93, 94, 170 is negligible (as compared to the wind flowing 
through the turbine 30), The clearance gaps 93, 94, 170 may be made even smaller, but at some 
point it may not be cost effective to provide higher manufacturing tolerances for the turbines 30. 

[0040] Still referring to FIGs. 2-5B, the first embodiment illustrates an application of the 
wind powered turbine 30 for use in generating electricity. In the first embodiment, two 
electricity generators 101, 102 are coupled to the rotor shaft 82. In FIG. 3, one of the generators 
102 is shown in phantom lines for purposes of illustrating the preferred placement of the 
generator 102 in relation to the rotor shaft 82. As is the preferred configuration, each generator 
101, 102 is rotationally coupled to each end of the rotor shaft 82. More specifically, a first 
electric power generator 101 is located outside of a first side 41 of the conduit 34 and is 
rotationally coupled to a first end of the rotor shaft 82. Thus, a first generator rotor (not shown) 
in the first electric power generator 101 is adapted to rotate about the rotational axis 84 as it is 
driven by the rotor shaft 82. Likewise, a second electric power generator 102 is located outside 
of a second side 42 of the conduit 34 and is rotationally coupled to a second end of the rotor 



FAN-001 



-22- 



shaft 82. Hence, a second generator rotor (not shown) in the second electric power generator 102 
is adapted to rotate about the rotational axis 84 as it is driven by the rotor shaft 82. The first and 
second generators 101, 102 are preferably the same size (e.g., same weight, same size 
dimensionally, and same wattage output) to provide a balanced torque load on the rotor shaft 82 
and to provide a balanced structure, mechanically. An advantage of having two 
generators 101, 102 symmetrically located on each end of the rotor shaft 82 is that the maximum 
stress exerted on the shaft 82 may be cut in half while still producing the same about of power as 
one larger generator (of double the power output) attached to only one end of the shaft 82. By 
reducing the stress on the shaft, the available choices of materials is broadened and the amount 
of material for the shaft 82 (i.e., cost and/or weight of the shaft 82) needed structurally may be 
reduced. The supports and bracket for supporting the generators 101, 102 are not shown for 
purposes of simplifying the illustrations. Such supports and brackets required to adequately 
support the generators 101, 102 and alternative structures thereof should be apparent to one of 
ordinary skill in the art. In other embodiments, there may be fewer or greater numbers of 
generators and such generators may be mounted and connected differently than that shown in the 
first embodiment. 

[0041] Referring again to the conduit 34 of the first embodiment shown in FIGs. 2-5B, the 
main inlet opening 54 has a main inlet cross-section area (perpendicular to the longitudinal 
axis 38) with an inlet centroid (i.e., centroid of the main inlet cross-section area). Likewise, the 
main outlet opening 56 has a main outlet cross-section area (perpendicular to the longitudinal 
axis 38) with an outlet centroid. In a preferred embodiment, the area size of the main inlet cross- 
section area is about equal to that of the main outlet cross-section area. It is also preferred to 
have the outlet centroid located higher than the inlet centroid relative to the rotational axis 84 and 
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relative to the longitudinal axis 38, as shown in FIG. 3 for example. This configuration of 
having the outlet centroid higher than the inlet centroid is preferred to allow the air to flow out of 
the middle conduit portion 46 easier and to hinder or prevent turbulent vortex patterns in the 
outlet conduit portion 48, as discussed in more detail below. Also, it is contemplated that the 
conduit 34 may be rotated 90 degrees or flipped 180 degrees about the longitudinal axis 38 to 
provide a substantially equivalent device. 

[0042] It is preferred to have an outer top surface section 108 of the outlet conduit . 
portion 48 that is substantially parallel to the longitudinal axis 38, has a substantially flat planar 
shape, and is proximate to the main outlet opening 56, as shown in FIGs. 2 and 3. In such 
preferred configuration, the outer top surface section 108 may provide a wind flow 40 coming 
across the top of the turbine 30 at the main outlet opening 56 that is substantially parallel with 
the longitudinal axis 38 and preferably laminar flow. Also in such case, it is preferred to have an 
inner top surface section 1 10 proximate to the main outlet opening 56 that is substantially 
parallel with the longitudinal axis 38. This will provide a matched or similar air flow direction 
for the wind flow 40 passing over the turbine 30 at the main outlet opening 56 and the air exiting 
the conduit 34 at the top of the main outlet opening 54. If the wind flow 40 passing over the top 
of the turbine 30 has a greater velocity (i.e., more energy) than the air flowing out of the main 
outlet opening 56, it may create a venturi effect providing a lower pressure at the main outlet 
opening 56 just inside the outlet conduit portion 48 and helping pull the air out of the conduit 34 
(like a vacuum pump). A lowered pressure at the main outlet opening 56 yields a high 
differential pressure across the blade 88 located at lower interior wall 92 of the middle conduit 
portion 46, which in turn increases the force exerted on the blade 88 (i.e., more power 
generated). 
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[0043] In the first embodiment shown in FIGs. 2-5B, the conduit 34 is constructed firom 
sheet metal, for example. Thus, in such case, some of the interior surfaces may be the same 
shape and contour as an exterior surface. The use of sheet metal has numerous advantages, 
including ease of manufacturing, relatively low in cost to manufacture, flexibility of shapes, 
scalability, and durability, for example. In other embodiments (not shown), however, the 
conduit 34 may be formed using other materials and fabrication methods. The conduit 34 may 
be made from any of a wide variety of suitable, currently known or future developed, structural 
materials, including (but not limited to): metal, wood, glass, acrylic, plastic, PVC, fiberglass 
composite, carbon fiber composite, nylon composite, composites thereof, and combinations 
thereof, for example. 

[0044] It is also preferred to have an outer bottom surface section 1 12 of the outlet conduit 
portion 48 that is substantially parallel to the longitudinal axis 38, has a substantially flat planar 
shape, and is proximate to the main outlet opening 56, as shown in FIGs. 2 and 3. In such 
preferred configuration, the outer bottom surface section 1 12 may provide a wind flow 40 
coming across the bottom of the turbine 30 at the main outlet opening 56 that is substantially 
parallel with the longitudinal axis 38 and preferably laminar flow. Also in such case, it is 
preferred to have an inner bottom surface section 1 14 proximate to the main outlet opening 56 
that is substantially parallel with the longitudinal axis 38. This will provide a matched or similar 
air flow direction for the wind flow 40 passing under the turbine 30 at the main outlet opening 56 
and the air exiting the conduit 34 at the bottom of the main outlet opening 56 (see e.g., FIG. 3). 
If the wind flow 40 passing under the bottom of the turbine 30 has a greater velocity (i.e., more 
energy) than the air flowing out of the main outlet opening 56, it may also create a venturi effect 
providing a lower pressure at the main outlet opening 56 just inside the outlet conduit portion 48 
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and helping pull the air out of the conduit 34 (like a vacuum pump). Again, a lowered pressure 
at the main outlet opening 56 yields a high differential pressure across the blade 88 located at 
lower interior wall 92 of the middle conduit portion 46, which in turn increases the force exerted 
on the blade 88 (i.e., more power generated). 

[0045] As mentioned above, it is preferred that the outer surfaces for the sides 41, 42 of the 
conduit 34 are substantially flat and planar shaped and substantially parallel with the longitudinal 
axis 38 (see e.g., FIGs. 4 and 5B). In doing so, the wind flow 40 over the sides 41, 42 of the 
conduit 34 (outside of the conduit 34) may be laminar and mostly unobstructed (e.g., except for 
the generators 101, 102 and their associated support members (not shown)) (see e.g., FIG. 5B). 
In such case, the wind flow 40 across the sides 41, 42 of the conduit 34 at the main outlet 
opening 56 may retain most of its velocity. If the wind flow 40 passing across the sides 41, 42 of 
the conduit 34 has a greater velocity (i.e., more energy) than the air flowing out of the main 
outlet opening 56, it may create or further contribute to a venturi effect, and thus provide a lower 
pressure at the main outlet opening 56 just inside the outlet conduit portion 48 and helping pull 
the air out of the conduit 34. Thus, the wind flow 40 outside of the conduit 34 is taken into 
consideration in the design and configuration of the first embodiment. One of the goals is to 
provide a wind flow 40 that is flowing in the same or generally the same air flow direction as air 
exiting the turbine 30 while striving to maximize the velocity retention of the wind flow 40 over 
the outside of the conduit 34, which may provide greater power output and greater efficiency 
from the turbine 30. Many of the interior walls and exterior surfaces of the conduit of the first 
embodiment were chosen and designed with this goal in mind. 

[0046] Preferably, an outer top surface section 1 16 of the inlet conduit portion 44 is 
substantially parallel with the longitudinal axis 38, has a substantially flat planar shape, and is 
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proximate to the main inlet opening 54 (see e.g., FIGs. 2, 3, and 5B). Because the first 
embodiment is made from sheet metal, for example, there may also be a corresponding inner top 
surface section 1 18 in the inlet conduit portion 44 that is also substantially parallel with the 
longitudinal axis 38, has a substantially flat planar shape, and is proximate to the main inlet 
opening 54 (see e.g., FIG. 3). In the first embodiment, an upper sub-tunnel top surface 
section 120 is provided to affect the shape of the upper sub-tunnel 61, as shown in FIG, 3. In the 
first embodiment the upper sub-tunnel top surface section 120 may be formed from a same sheet 
as the upper interior wall 9 1 of the middle conduit portion 46, for example. In other 
embodiments (not shown), the upper sub-tunnel top surface section 120 may be made from a 
separate piece than that of the upper interior wall 91 of middle conduit portion 46. 

[0047] Also preferably, an acute inner bottom surface inlet angle 122 is formed between an 
inner bottom surface section 124 of the inlet conduit portion 44 and the longitudinal axis 38 (see 
e.g., FIG. 3). The inner bottom surface section 124 is preferably flat planar shaped and 
proximate to the main inlet opening 54. This acute inner bottom surface inlet angle 122 may 
provide several features, such as allowing rain water that enters the inlet conduit portion 44 to 
drain out of the conduit 34. Also, this angle 122 (along with the shape of the splitter 60 and/or 
the shape of the upper sub-tunnel top surface section 120) may contribute to providing a smaller 
middle portion inlet 76 than the main inlet opening 54 so that the velocity of wind flow 40 
entering the main inlet opening 54 may be increased before it enters the middle portion 46 where 
it encounters one or more of the blades 88. Generally, a higher wind velocity at the blades 88 
will yield greater pressure against the blade 88 (i.e., more power). In the first embodiment (see 
e.g., FIG. 3), the outer bottom surface section 128 of the inlet conduit portion 44 is also slanted 
at the inner bottom surface inlet angle 122 relative to the longitudinal axis 38. In other 
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embodiments (not shown), however, the outer bottom surface section 122 of the inlet conduit 
portion 44 may be slanted at a different angle than that of the inner bottom surface section 124 of 
the inlet conduit portion 44 (e.g., by being formed from separate pieces or from different sections 
of a folded portion). For example, in other embodiments (not shown), the outer bottom surface 
section 128 of the inlet conduit portion 44 may be substantially parallel with the longitudinal 
axis 38. 

[0048] When the wind flows into the conduit 34 (through the main inlet opening 54), it will 
typically be along a horizontal direction, generally. And when the wind flows out of the middle 
conduit portion 46, the direction of the wind flow will be changed (i.e., tilted upward) by the 
spinning rotor 80. For this reason, it is preferable to have the outlet conduit portion 48 tilted 
upward accordingly to increase the efficiency of the wind flowing out of the middle conduit 
portion 46. In FIG. 3, a wind velocity vector diagram 130 is shown at about the arc center of the 
lower interior wall 92 of the middle conduit portion 46. In this wind velocity diagram 130, Vi 
represents the wind velocity coming into the middle conduit portion 46, V2 represents the rotor 
velocity at that point, and V represents the combined velocity of Vi and V2. Preferably, an inner 
top surface outlet angle 132 formed between an inner top surface section 134 of the outlet 
conduit portion 48 (proximate to the middle portion outlet) and the longitudinal axis 38 is 
substantially parallel to the combined velocity vector V (at about the arc center of the lower 
interior wall 92 of the middle conduit portion 46), as shown in FIG. 3. Having the inner top 
surface section 134 of the outlet conduit portion 48 proximate to the middle portion outlet 78 at 
this angle 132 may aid in getting the wind flow out of the middle conduit portion 46 more 
efficiently, which is an advantage of this configuration. Through experimentation, it has been 
found that optimum range for the inner top surface outlet angle 132 (or for the outlet conduit 
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portion to be tilted up in general) is between about 26 degrees and about 39 degrees. The 
optimum angle will depend on the rotor diameter for a given application. In other embodiments 
(not shown), however, the inner top surface section 134 of the outlet conduit portion 48 
proximate to the middle portion outlet 78 may be configured at other angles, including being 
parallel to the longitudinal axis 38. 

[0049] Still referring to FIG. 3, an outer bottom surface transition angle 136 formed between 
an outer bottom surface 138 (where the middle and outlet conduit portions 46, 48 meet along the 
bottom of the conduit 34) and the longitudinal axis 38 is preferably about the same as the inner 
top surface outlet angle 132. But in other embodiments (not shown), the outer bottom surface 
transition angle 136 may differ from the inner top surface outlet angle 132. Also, in other 
embodiments, the outer bottom surface 138 (where the middle and outlet conduit portions 46, 48 
meet along the bottom of the conduit 34) may have other shapes, such as concave or convex or 
flat planar shaped with rounded corners, for example. Likewise, in other embodiments, other 
comer or edges where other sections meet on the conduit 34 (inside and/or outside) may be 
rounded or curved. 

[0050] In the first embodiment, an acute inner bottom surface outlet angle 140 is formed 
between an inner bottom surface section 142 of the outlet conduit portion 48 and the longitudinal 
axis 38, as shown in FIG. 3. The inner bottom surface section 142 of the first embodiment has 
two sub-sections, each with a flat planar shape. In other embodiments (not shown), the inner 
bottom surface section 142 may be only one uniform section and/or have other shapes, such as 
being concave or convex or curved, for example. Preferably, a curved transition section 144 is 
located at the middle portion outlet 78 and connects between the inner bottom surface 
section 142 of the outlet conduit portion 48 and the lower interior wall 92 of the middle conduit 
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portion 46, as show in FIG. 3. A smooth transition between the middle conduit portion 46 and 
the outlet portion 48 is important for reducing or preventing the formation of a turbulent vortex 
in the outlet conduit portion 48. Such a turbulent vortex would create a substantial resistance to 
the wind flow out of the conduit 34 (through the main outlet opening 56) and this may greatly 
decrease the turbine's efficiency. Also, a smooth transition provides for a more gradual decrease 
in pressure as the wind flow is released from the middle conduit portion 46 (as a blade 88 moves 
past the curved transition section 144). In other embodiments (not shown), there may not be a 
curved transition section 144 or the curved transition section 144 may have a different shape than 
that shown in the first embodiment (e.g., different radius of curvature). Also, if the inner bottom 
surface outlet angle 140 is too large, a turbulent vortex may form at the bottom of the outlet 
conduit portion 48, which should be avoided to maintain turbine efficiency. It is preferred that 
the air flow exiting the middle conduit portion 46 sticks to and flows along the curved transition 
section 144 and the inner bottom surface section 142 of the outlet conduit portion 48 (e.g., to 
provide laminar type flow) rather than swirling (e.g., turbulent vortex), as this type of flow 
provides a more efficient flow of the wind out of the conduit 34. 

[0051] In a preferred construction of the first embodiment, the lower interior wall 92 of the 
middle conduit portion 46, the curved transition section 144, and the inner bottom surface 
section 142 of the outlet conduit portion 48 may be formed from a single sheet of metal. 
However, if the size of the wind turbine is very large (e.g., rotor having a diameter of 10 
m, 20 m, or more), it may not be feasible to form these sections 92, 144, 142 from a single sheet 
(e.g., due to the limitation on the size of sheet metal available and/or the size limitations for the 
manufacturing machines. Hence in some embodiments or applications, these 
sections 92, 144, 142 may be formed from separate pieces. 
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[0052] In some embodiments, a middle portion outlet cross-section area of the middle 
portion outlet 78 may be smaller than the main outlet cross-section area for the main outlet 
opening 56 (see e.g., FIG. 3). 

[0053] The inlet conduit portion 44 has a first length 151 along the longitudinal axis 38 (see 
FIG. 3), the outlet conduit portion 48 has a second length 152 along the longitudinal axis 38, and 
the middle conduit portion 46 has a third length 153 along the longitudinal axis 38. In the first 
embodiment, and as is preferred for many applications, the first length 151 (of the inlet 
portion 44) is about equal to the second length 152 (of the outlet portion 48), and the third 
length 153 (of the middle portion 46) is about two times that of the first length 151. In general, it 
will often be desired to make the length of the inlet conduit portion 44 (i.e., the first length 151) 
and the length of the outlet conduit portion 48 (i.e., the second length 152) to be as short as 
possible to keep the total length of the turbine 30 as small as possible (e.g., for installation space 
considerations, for ease of pivoting to face the wind, for lower material cost, etc.). However, it 
also will often be desired to make the first and second lengths 151, 152 longer for better fluid 
dynamics of the wind traveling through the turbine 30 (e.g., smooth contraction transition in inlet 
conduit portion 44, smooth expansion transition in outlet conduit portion 48). Thus, the 
preferred proportions for the first, second, and third lengths 151, 152, 153 mentioned above may 
provide a good balance between these conflicting design factors, as has been tested through 
experimentation. But in other embodiments (not shown), these proportions may be different and 
the first and second lengths 151, 152 need not be equal. 

[0054] Referring to FIGs. 4 and 5B, the width 154 of the turbine 30 (and the rotor blades 88) 
may vary for different applications. In a preferred embodiment where two generators 101, 102 
are used, one on each end of the rotor shaft 82 (see e.g., FIGs. 4 and 5B), a preferred width 154 
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for the turbine 30 is about 1.5 times the rotor diameter. This width 154 may be preferred to 
provide space for the generators 101, 102 within the diameter of the stand 156 (see e.g., 
FIG. 5B). In other embodiments, however, the turbine 30 may be wider or narrower than that 
shown in the first embodiment. 

[0055] As shown in FIGs. 2-5B, the turbine 30 preferably includes a rotation stand 156 for 
supporting the conduit 34 (as well as the rotor 80 and generators 101, 102). In the first 
embodiment, a first support stand portion 157 is attached to the conduit 34 and fixed relative to 
the conduit 34. The first support stand portion 157 is pivotably and/or rotatably coupled to a 
second support stand portion 158, preferably via a set of rollers or wheels 159 that are restrained 
within a track of the second support member 158. Hence, the first support stand portion 157 
(along with the conduit 34, rotor 80, and generators 101, 102) is adapted to pivot or rotate about 
a vertical axis relative the second support stand portion 158. The second support stand 
portion 158 may be affixed to another object, another structure, a building, or the ground, for 
example. The turbine 30 may be pivoted/rotated on the stand 156 by an automatically controlled 
system (not shown) to align the wind turbine 30 with the wind flow 40. One of ordinary skill in 
the art will likely realize many possible variations for a stand 156 or other fixture(s) to support 
the turbine 30. 

[0056] Preferably, the main inlet opening 54 and the main outlet opening 56 each has a 
safety grill 160 mounted there over (see e.g., FIGs. 2 and 4). The safety grill 160 may be a mesh 
screen made from metal wire, for example. The grill 160 may be made from any suitable 
material, including (but not limited to): metal, aluminum, steel, nylon composite, and 
combinations thereof, for example. Having the blades 88 completely enclosed within the 
conduit 34 and having the grills 160 over the openings 54, 56 provides several advantages for an 
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embodiment of the present invention, including (but not necessarily limited to): increased safety 
for persons near the turbine, increased versatility for placement of the turbine during use, and 
hindering or preventing birds or other foreign objects from entering the turbine. Due to the 
increased safety provided by an embodiment of the present invention, as compared to prior 
designs (see e.g., FIG. 1), the turbine 30 typically will not place persons or animals in danger 
while in close proximity to the turbine 30. This provides a wider array of placement options for 
installing and operating an embodiment of the present invention. For example, rather than 
having to mount the wind turbine on a high pedestal or on a high pole structure to keep it away 
from persons or animals, the turbine may be installed on a roof top of a building, on the ground, 
and/or between buildings in a downtown region (e.g., where high winds are generated between 
tall buildings), for example. 

[0057] FIG. 6 is a side view showing a wind powered turbine 30 in accordance with a 
second embodiment of the present invention. The second embodiment is essentially the same as 
the first embodiment, except that the rotor 80 has four blades 88. The advantage of four blades 
versus three blades may be the greater ease of auto-startup or less concern about the stopping 
position of the rotor for providing auto-startup. Auto-startup refers to the ability for the 
turbine 30 to be self starting with only wind power, regardless of the rotational position of the 
rotor 80 when it comes to a rest. However, the use of three blades 88 may be advantageous due 
to a lighter weight for the rotor 80 (i.e., less inertia for startup), as compared to having four or 
more blades 88. Also, it may cost less to produce a rotor with three blades than that of a rotor 
with four or more blades. Furthermore, reducing the weight of the rotor increases turbine 
efficiency due to less friction on bearings (not shown). Because an embodiment of the present 
invention is primarily deriving power from the conversion of wind velocity to pressure against 
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the blade (e.g., due to minimized clearance gaps between the blades and the conduit walls) rather 
than from drag force, it is preferable to use fewer blades (e.g., 2, 3, 4, 5 blades) rather than using 
more blades (e.g., 8, 10, 12. 30). 

[0058] In the first embodiment, the use of the splitter 60 to provide the upper and lower sub- 
tunnels 61, 62, as well as the design of the middle conduit portion 46 and the symmetry of the 
rotor blades' placement, all contribute to the ability of having a three blade rotor that has auto- 
startup capabilities, regardless of the stopping position of the rotor 80. These features also 
contribute to lowering the level of wind velocity needed to achieve a self start of the turbine 30 
(e.g., for both the first and second embodiments). The upper sub-tunnel 61 directs an extra 
portion of the wind flow 40 in a direction generally tangential to the rotor blade 88, which is 
intended to maximize the extra wind flow contribution by the upper sub-tunnel 61 to driving the 
turbine. Also, by directing the wind flow 40 from the upper sub-tunnel 61 in a downward 
direction (see e.g., FIG. 3), it reduces or minimizes the possibility that the wind stream exiting 
the lower sub-tunnel 62 will flow upward against the normal rotational direction for the rotor 80. 
This also greatly helps to start-up the wind turbine 30 at low wind speeds. Note that in other 
embodiments (not shown), there may be more than two sub-tunnels in the inlet conduit 
portion 44. 

[0059] Referring to FIGs. 3 and 6, preferably, extended flat portions 162 of the interior 
walls of the middle conduit portion 46 (upper and lower) are also provided to aid in auto-startup 
by providing a larger angular range where the rotor 80 may stop while still providing easier auto- 
startup (i.e., less wind velocity needed to initiate startup). These extended flat portions 162 are 
especially beneficial for the first embodiment where the rotor 80 has only three blades 88. 
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[0060] During typical use of the first embodiment, wind flowing into the main inlet 
opening 54 is divided into two parts by the splitter 60 (see e.g., FIG. 3). A majority of the wind 
entering the conduit 34 is directed through the lower sub-tunnel 62 and into the middle conduit 
portion 46 to push against the blades 88 of the rotor 80, which causes the rotor 80 to rotate about 
the rotational axis 84. Another portion of the wind entering the conduit 34 is directed through 
the upper sub-tunnel 61 and into the middle conduit portion 46, but at a different angle than the 
wind passing through the lower sub-tunnel 62 (see e.g., FIG. 3). The wind from the upper sub- 
tunnel 61 also pushes against blades 88 of the rotor 80 for causing the rotor to rotate. As the 
rotor 80 rotates about the rotational axis 84, the rotor shaft 82 drives the two generators 101, 102. 
Although the generators 101, 102 are shown being directly coupled to the shaft 82 in the first 
embodiment, the generator(s) may be indirectly coupled to the rotor shaft (e.g., via belt, via 
gears) in other embodiments (not shown). As the generator rotors are rotated and driven by the 
turbine rotor 80, the generators 101, 102 produce electrical power, which may be transmitted to a 
power grid, storage batteries, or other devices for current or ftiture usage of the electricity. 

[0061] FIGs. 7 and 8 are side views showing a wind powered turbine 30 in accordance with 
a third embodiment of the present invention. In the third embodiment, two blades 88 are used. 
This configuration works under certain conditions, but it may have difficulty being self starting 
(or auto-startup). For example, compare the stopped rotor positions shown in FIGs. 7 and 8. If 
the rotor 80 comes to a stop in the position shown in FIG. 7, it is more likely that the rotor 80 
may be self started by the wind than when the rotor comes to a stop in the position shown in 
FIG. 8. In the rotor position shown in FIG. 8, the wind is permitted to flow past the top and 
bottom of the rotor blades 88, which may result in a balancing effect (i.e., no rotation). It may be 
difficult (i.e., required very high wind velocity) or impossible to obtain a self startup in the rotor 
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position shown in FIG. 8. This problem may be overcome by controlling (e.g., mechanically or 
electrically) the stopping position of the rotor 80 so that the position shown in FIG. 8 does not 
occur. Hence, it would be preferred to control the stopping position of the rotor 80 to be like that 
of FIG. 7. Another way to overcome the auto-startup shortcomings of the third embodiment may 
be to assist the startup of the turbine 30 with an external power source coupled to the rotor 
shaft 82 (e.g., electric motor, using the generators as motors momentarily). There may be 
advantages to having a two bladed rotor 80, as compared to the three or more bladed rotors, such 
as lower inertia and lower manufacturing cost. 

[0062] An embodiment of the present invention may have other advantages over prior 
designs. An embodiment of the present invention may be much quieter during operation than 
prior designs (see e.g., FIG. 1) because the rotor 80 may spin at a slower rotational speed and/or 
because the rotor 80 is located within the conduit 34, for example. An embodiment of the 
present invention, such as the first embodiment, may provide a simple structure (relative to many 
prior designs) so that it may be built in very large scales at reasonable costs. Hence, the detailed 
design or an actual embodiment may be kept simple (e.g., few bearings, use of sheet metal), 
which also provides an advantage of increased mechanical reliability. High reliability thus yields 
less maintenance (e.g., less maintenance costs, less down time). Also, the balanced design of an 
embodiment having generators 101, 102 on each side provides advantages of less material 
needed for structural stability and ease of scalability. 

[0063] There are numerous locations where an embodiment of the present invention may be 
installed and operated, including (but not limited to) the following examples: in a field, on a hill 
top, on a mountain top, on a hill side, on a mountain side, on a roof of a building, on a side of a 
building, between buildings at any level (e.g., between tall buildings), on a ship, on an offshore 
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oil rig, on a platform on a body of water (e.g., lake, river, ocean), on or next to a water tower, on 
a utility line structure, proximate to a utility line, on top of a utility plant structure, on top of a 
chemical plant structure, on top of a storage tank, on top of a dam, on the side of a dam, under a 
bridge, and on a bridge. With the benefit of this disclosure, one of ordinary skill in the art may 
realize other placements and/or applications of an embodiment of the present invention. 

[0064] Although embodiments of the present invention and at least some of its advantages 
have been described in detail, it should be understood that various changes, substitutions, and 
alterations can be made herein without departing from the spirit and scope of the invention as 
defined by the appended claims. Moreover, the scope of the present application is not intended 
to be limited to the particular embodiments of the process, machine, manufacture, composition of 
matter, means, methods, and steps described in the specification. As one of ordinary skill in the 
art will readily appreciate from the disclosure of the present invention, processes, machines, 
manufacture, compositions of matter, means, methods, or steps, presently existing or later to be 
developed, that perform substantially the same function or achieve substantially the same result 
as the corresponding embodiments described herein may be utilized according to the present 
invention. Accordingly, the appended claims are intended to include within their scope such 
processes, machines, manufacture, compositions of matter, means, methods, or steps. 
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